Detailed Methods
Protein purification
His-tagged ALKBH7 and its R191Q variant were overproduced in Escherichia coli BL21(DE3) cells by methods that were described earlier [2] . To prepare cell-free extracts, the harvested cells were resuspended in lysis buffer (20 mM Tris, pH 8, containing 0.3 M NaCl, 1 mM 2-mercaptoethanol, 0.1% Triton X-100, and 0.2 mM phenylmethylsulfonylfluoride), sonicated, and centrifuged at 100,000 g for 45 min at 4 ˚C to remove membranes and cell debris. Cell-free extracts were loaded onto a Ni-nitrilotriacetic acid (NTA) Sepharose column (1.5 x 4.5 cm) that had been equilibrated in buffer A (20 mM Tris, pH 8, containing 0.3 M NaCl, 1 mM 2-mercaptoethanol, 10 mM imidazole, and 5% glycerol), the column was washed with three column volumes of buffer A, and the His-tagged proteins were eluted in buffer A containing 200 mM imidazole. Fractions were analyzed by sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE) for the presence of ALKBH7. The appropriate fractions were pooled and incubated overnight with His-tagged tobacco-etch virus (TEV) protease [3] at a 1:10 (protease:ALKBH7) weight ratio while dialyzing into buffer A at 4 ˚C. The samples were re-loaded onto the Ni-NTA Sepharose column to remove the TEV protease, the His-tag, and uncleaved protein. The flow-through fractions were collected, ethylenediaminetetraacetic acid (EDTA) was added to a final concentration of 1 mM and the proteins were concentrated by using Amicon Ultra Centrifugal Filters (Millipore). Prior to UVVis spectroscopy experiments, the proteins were dialyzed overnight into assay buffer (20 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (Hepes), pH 8, containing 0.1 M NaCl) at 4 ˚C. Figure: Hydrogen bond analysis for the tested systems. Residues colored in red denote amino acids involved in H-bonds for over 30% of the WT trajectory and broken for over 90% of the R191Q variant trajectory. Residues colored in orange are involved in hydrogen bonds for both trajectories, but are present for at least 30% less of the time in the variant trajectory. The hydrogen bonds between these residues are displayed in blue. This figure is for the WT/R191Q variant with succinate.
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S4 Figure: NCI plots of WT (a-d) and R191Q variant (e-h) ALKBH7. Panels show representative structures at different stages of the simulation showing the points prior to (a and e), during (b, c, f, and g) and after (d and h) the structural transition. The H-bonds between R191 and D182 in the WT structure that are removed in the SNP variant are circled in black (c).
An animation for this transition for a representative mutant trajectory with succinate cofactors and using the NCI analysis is also available as electronic supporting information in the journal webpage.
S5 Figure: Average binding enthalpies for product succinate and Fe at the active site (in kcal/mol) over 500ns. On average, the standard deviation for each individual binding free energy calculation is around 4 kcal/mol--the standard deviation between the duplicate trajectories for the relative binding energies is similar, as can be seen in Table S2 . Additionally, ΔH shift and ΔG shift are very similar, though the ΔG binding and the ΔH binding are substantially different, indicating that the change in the binding energy is likely enthalpically rather than entropically driven.
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